In five segments of incubation (within the 4 th day, on the 7 th , 14 th , 20 th days and in the stage of breaking through the shell) we studied the fertility of hatching eggs, the hatchability and embryonic mortality of seven initial laying strains (RIR -1, RIR -2, RIR -3, RIW -1, SU -1, BPR -1 and BPR -2) in the course of three egg sets of individual pedigree hatching. The average hatchability of all the seven strains was 71.5%, the proportion of unfertilised eggs was 11.3% and embryonic mortality reached 17.2%. The embryonic mortality of all the seven strains culminated in two periods, i.e. within the 4 th day of incubation (36.9% of the total embryonic mortality) and at the end of incubation (from the 15 th to 20 th day of incubation -23.4% and during breaking through the shell -18.1%). In terms of the inter-line differences, the embryonic mortality was the highest in three lines, which had a higher coefficient of inbreeding (Fx < 12.5%), i.e. RIR -1 (20.9%), BPR -2 (20.3%) and RIW -1 (23.7%). All the three lines bear the recessive gene (k + ) on locus K, which is responsible for the rapid type of feathering using feathersexing. Within the 7 th day of incubation the embryonic mortality was higher in both BPR lines (BPR -1-58.1%, BPR -2 -53.6% of the total embryonic mortality), while in the last trimester of incubation and in the period of breaking through the shell it was the lowest (BPR -1 -30.8%, BPR -2 -36.2% of the total embryonic mortality). Introduction The fertility of hatching eggs, embryonic mortality and hatchability can be listed among the important criteria of poultry fertility. The reproduction capacity expressed as the hatchability is influenced by many genetic and non-genetic factors, which are
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The fertility of hatching eggs, embryonic mortality and hatchability can be listed among the important criteria of poultry fertility. The reproduction capacity expressed as the hatchability is influenced by many genetic and non-genetic factors, which are * Supported by MSM 432100001 also responsible for embryonic mortality. Hatchability is a multi-factorial property and affected by a number of external factors, e.g. technology of hatching, age of the hen (CHRISTENSEN et al., 1996) , nutrition and health condition. Sphere of influence are moreover some internal factors, such as genotyp of hatching chicks, the presence of lethal and semi-lethal factors, egg weight (SEWALEM and WILHELMSON, 1999) and the yolk : albumin ratio (MÁCHAL et al., 1992; HARTMANN et al., 2002) , or the occurrence of double yolk eggs (FASENKO et al., 2000) . The genetically determined metabolism of the parents is very important in terms of the quality of the hatching eggs. Genetic homeostasis, the phenomenon of super-dominance, the manifestation of some genes inducing certain abnormalities of the metabolism, or factors determining some other property, which to some extent modifies hatchability as well, could all be important factors of the differentiation of embryonic viability. It stands to reason that all these influences may interact and many times it is difficult to single out the individual components. CHRISTENSEN (2001) discovered that embryonic mortality did not occur randomly on all days of incubation. More embryos die in the first and third trimesters than in the second. The frequency of "early embryonic mortality" has been observed to increase between 2 and 4 days in the chicken. The physiological values of hatchability of the set eggs of commercial laying hybrids ranged between 85% and 93%. For instance MAULDIN (1989) discovered that the average hatchability of fertilised eggs from 18,500 flocks of broiler hens in the USA was 89.1%. The highest hatchability was observed in eggs from hens of the age between 34 and 42 weeks. FASENKO et al. (1992) were involved in investigations of the relation between the age of the hen and egg fertility and they studied the effect of the age of the hen and the sequence of the laid egg in the series on the fertility, hatchability, viability and embryonic development. In accordance with O' SULLIVAN et al. (1991) they reported that fertility and hatchability was significantly dependent on the age of the hen; older hens reduced both the fertility and hatchability. Embryonic mortality is also affected by inbred depression. BRAH et al. (1991) studied the effect of the coefficient of inbreeding on the incidence of embryonic mortality in Leghorn White hens. The mortality of embryos with inbreeding coefficients of 25%, 12.5% and 0% differed significantly, i.e. 24.8%, 22.8% and 9.5%, respectively. DUNNINGTON et al. (1990) discovered a positive heterosis effect in hybrids of hen lines of 29 generations selected for body mass for late embryonic mortality and hatchability from fertilised eggs. In their opinion long-lasting selection for body mass reduces the viability.
Material and Methods
The embryonic mortality of all seven initial laying lines of the Rhode Island Red (RIR), Rhode Island White (RIW), Sussex Light (SU) and Bar Plymouth Rock (BPR) breeds was analysed at the time of individual pedigree hatching in clinically healthy hens of the age between 53 and 56 weeks. A total number of 30,665 eggs from hens of all seven lines were set after artificial insemination. The hens of these seven lines were individually placed in the same laying house and fed the same feed ration ad libitum. After laying the eggs were stored in the same room under identical conditions. Incubation was carried out in the same setting and hatching compartments. The hatchability, proportion of unfertilised eggs and embryonic mortality were evaluated in each of the initial laying lines (RIR -1, RIR -2, RIR -3, RIW -1, SU -1, BPR -1 and BPR -2) in three segments of hatching. In order to estimate the day of incubation, when the embryo died, the shell of all not hatched eggs was broken and the embryo was examined visually. The day of the embryo's death was estimated according to the stage of development of the embryo on the basis of the "Timeline of the embryonic development of the chick" (HAMPL, 1987) . The so-called "clear" eggs (i.e. actually unfertilised eggs and dead embryos at the beginning of development) were discarded after a week of incubation in the course of the first examination. According to the stage of development the dead embryos were divided into five periods -within 4, 7, 14 and 20 days. Embryos already dead in the period of emergence from the broken shell formed a special group. Table 1 shows the proportion of unfertilised eggs, the embryonic mortality and hatchability in three successive periods and in total. The average hatchability in all three egg-sets from all seven lines of hens was 71.5%. The lowest average hatchability (68.6%) was observed in the course of the first hatching and the highest in the second (76.8%). The average proportion of unfertilised eggs was 11.3 %, the highest ( 14.0 %) has been observed in the 3 rd hatching. The average embryonic mortality was 17.2 %, the highest happened in the first hatching (21.1 %), in the 2 nd and 3 rd hatching the embryonic mortality has been lover ( 12.6 % and 12.4 % respectively). Table 2 gives the average egg weight, the average number of eggs to 250 days of age, number of unfertilised eggs, their percentage proportion of the total number of set eggs, embryonic mortality and hatchability in the individual lines. Considerable differences in the respective indicators were found between the individual lines. The lowest proportion of unfertilised eggs was discovered in line RIR -2 (5.2%) and the highest in lines RIW -1 and line BPR -1 (15.2% and 15.1%, respectively). Embryonic mortality for the entire incubation was the lowest in line RIR -3 (12.5%) and the highest in line RIW -1 (23.7%). Line RIR -2 showed the highest hatchability (79.6%) and line RIW -1 the lowest (61.1%). Relation between average egg weight and number of layed eggs and average embryonic mortality and hatchability wasn't findings. Embryonic mortality during incubation was not evenly distributed in time (Table 3) in the whole group and neither in the individual lines. The embryonic mortality of all the lines was the highest during the first trimester of incubation, i.e. 45.1% (within 4 days 36.9% and within 7 days another 8.2%). The embryonic mortality of all the lines was the lowest in the second trimester of incubation -within 14 days (13.4%). In the third trimester and in the period of breaking through the shell the embryonic mortality was again high, i.e. 41.5% (within 20 days it was 23.4% and in the period of breaking through the shell another 18.1%). The breed and line had a relatively marked effect on the incidence and distribution of embryonic mortality in the respective segments of incubation ( Fig.) . Both lines of the BPR breed showed the highest embryonic mortality in the first trimester of incubation (9.1% and 10.9% from hatched eggs, respectively) and line RIR -3 and SU -1 showed the lowest (5.6% and 6.1% from set eggs, respectively). In the last week of incubation the highest embryonic mortality, including embryos not hatched, was observed in line RIW -1 (12.3% of set eggs) and the lowest in line BPR -1 (4.8% of the set eggs). Discussion The line of the hen and the sequence of egg set also influence the hatchability of set eggs, the extent and the distribution of embryonic mortality in the course of incubation. The average hatchability of 30,665 eggs of all the seven initial laying strains (RIR -1, RIR -2, RIR -3, RIW -1, SU -1, BPR -1 and BPR -2) in three successive settings was only 71.5%. This hatchability is considerably lower than is common in hatchings of parent sets or final hybrids (MAULDIN, 1989) . Collecting the hatching eggs in intervals longer than one week and also the period of storage of the eggs, particularly in the first hatching, influences the overall lower hatchability of the initial strains, i.e. 68.6% (ALTABARI and KUNODI, 1989) . The proportion of unfertilised eggs increased in the individual egg sets (10.3%; 10.6%; and 14.0%) probably due to the great loading of the cocks of the respective lines in the period of pedigree hatching and following exhaustion, particularly of the cocks with a lower production of ejaculate, where the sperm was collected on a daily basis (MÁCHAL et al., 1996) . The higher temperature inside the egg allows embryonic development to continue (WILSON, 1990) , although very soon it stops definitely and the egg is then classified as one of the so-called unfertilised eggs and, in parallel, embryonic mortality increases (SCOTT and MacKENZIE, 1993) . In the respective egg sets the embryonic mortality ranged between 12.4% and 21.1%, and in total was 17.2%. Embryonic mortality, however, is also affected by inbred depression (BRAH et al., 1991; INO, 1992) , based on the inbreeding of initial strains and on changes in their metabolism.
Results
In terms of genetic determination, differences were discovered in the hatchability and embryonic mortality of the respective breeds and lines. All the lines of the RIR breed showed the highest hatchability (72.5% to 79.6%), while the RIW and BPR showed the lowest (i.e. 61.1%; 69.3% and 71.4%, respectively). At the same time the line RIW -1, which had the lowest hatchability, showed the highest embryonic mortality (23.7%). Embryonic mortality during hatching was not evenly distributed in time in the whole set and neither in the respective lines. In all the seven initial strains embryonic mortality culminated in two segments of incubation -from the beginning to the 4 th day of incubation the average was 36.9% of the entire embryonic mortality, from the 14 th to the 20 th day of incubation it was 23.4%, and during breaking through it was 18.1%. On the basis of comparisons of the embryonic mortality of the individual lines it was discovered that embryonic mortality was the highest in line RIW -1 (23.7%), RIR -1 (20.9%) and BPR -2 (20.3%), which had a higher Fx value (as high as 12.5%), than in the other lines where the maximum Fx value was 6.25% (BRAH et al., 1991) . It is interesting that these three lines carry the recessive gene (k + ) on locus K, which is responsible for the rapid feathering using feathersexing, in contrast to the other lines where either the dominant gene K or both genes (K, k + ) are present on locus K. In the course of hatching we observed a marked difference among the lines in terms of the distribution of the proportion of dead embryos during incubation. Embryonic mortality in the first trimester of incubation was the highest in both BPR lines (9.1% and 10.9% from hatched eggs, respectively), and the lowest in lines RIR -3 and SU -1 (5.6% and 6.1% from set eggs, respectively). The line RIW -1 showed the highest embryonic mortality in the last week of incubation, including unhatched embryos (12.3% of set eggs), and BPR -1 the lowest (4.8% of set eggs). Characteristic of inbred lines is the course of and increase in embryonic mortality of all the seven lines. The first culmination of mortality (within the 4 th day of incubation) is characteristic for the hatching of eggs of the domestic fowl (CHRISTENSEN, 2001) , but can also be affected by the higher temperature in the setting compartments. The second culmination can be assigned to disorders of the transition from alantoid to lung respiration, and/or inadequate nutrition, particularly in the protein component of the mother with modified metabolism due to inbred depression.
